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absorbs the hydrostatic pressure acting on 
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outside the impermeable liner, gases, which 
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Armoured, flexible pipe 

The present invention relates to a flexible, armoured pipe comprising at 
least an impermeable liner, an outer armouring layer and an inner 
5 armouring layer consisting of one or more wound armouring elements. 

Such pipes are used for the transport of oil and gas in deep or varying 
depths of water. These pipes are particularly suitable for the transport of oil 
from underwater installations to floating installations on the surface of the 
1 0 sea, where the oil is refined or transported further for processing. 

For example, JP3265781 and FR2764669-A1 describe armoured flexible 
pipes where the whole of the armouring is surrounded by an impermeable 
sheath which prevents the ingress of fluids from the surroundings to the 
15 pipe's armouring layer, which provides the advantage that the pipe's 
armouring can be executed in materials which, if unprotected, cannot 
withstand the surrounding environment. 

Conversely, US 4402346 describes a pipe where the armouring is 
20 surrounded by a permeable outer sheath, which provides the advantage 
that aggressive gases, which diffuse out through the inner liner, do not 
accumulate in the armouring layer. However, a problem in connection with 
this method is that fluids will penetrate through the outer sheath and 
exercise a hydrostatic pressure corresponding to the pressure of the 
25 surroundings in the armouring layer and herewith on the non-reinforced 
liner, the result being that under certain conditions the surrounding pressure 
will be able to crush or collapse the liner. Moreover, the liner will be able to 
collapse if a high tensile load is placed on the pipe. 

30 It is the object of the present invention to provide a flexible pipe where the 
resistance against crushing and collapse of the liner as a result of the 
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surrounding pressure is retained, while at the same time the pipe's outer 
armouring is protected against the damaging effect of fluids which diffuse 
from the inside of the liner and out to the surroundings. 

5 The object of the invention is achieved with a pipe of the type disclosed in 
the preamble to claim 1, which is characterised in that the outer armouring 
layer is placed on the outside of the liner and consists of at least two layers 
of wound armouring elements which are partly or completely permeable for 
fluids, while the inner armouring layer is placed on the inside of the liner. 

10 

With this construction, a flexible pipe is provided where the inner armouring 
layer is in contact with the fluid, which is to be transported in the pipe, while 
the outer armouring layer and the outer side of the impermeable liner are in 
contact with the surroundings. 

15 

This means that the inner armouring layer absorbs the hydrostatic pressure 
applied to the liner, unlike earlier where this pressure was partly or 
completely absorbed by one of two layers of armour placed in between the 
impermeable liner and an outer, impermeable sheath. 

20 

Moreover, since no significant restrictions to mass transport exist outside 
the impermeable liner, gases, which diffuse through the liner, will now be 
able to escape to the surroundings. 

25 In other words, a flexible pipe with only three layers is now provided, which 
meets the demands most often placed on flexible pipes with several layers. 

Moreover, the pipe achieved is one where the different layers are used 
more effectively than has hitherto been the case, which, if the pipe 
30 produced is long, affords a saving in weight, which is of great importance. 



WO 02/31394 



PCT/DK01/00641 



The forces, which the inner armouring is required to withstand, depend on 
the use of the pipe. If, for example, the pipe is used as production pipe 
between a floating installation on the surface of the sea and an installation 
on the seabed, the inner armouring in the pipe's lower part is loaded 
5 primarily as a result of hydrostatic forces stemming from that water 
pressure which acts on the outside of the liner. In contrast hereto, the inner 
armouring in the pipe's upper part will be loaded primarily as a result of the 
forces with which the outer armouring clamps around the liner due to the 
axial load which is applied to the outer armouring. 

10 

Since the outer armouring lies around the pipe's impermeable liner, this 
armouring will not be required to absorb forces resulting from the outer 
hydrostatic pressure. The outer armouring in the pipe's lower part shall thus 
primarily absorb the forces which act on the liner as a result of the pipe's 

15 inner over-pressure, while the outer armouring in the top of the pipe shall 
be able to absorb the forces not only from the pipe's inner over-pressure, 
but also from the axial forces which stem from the inherent weight of the 
pipe. Since a considerable part of the outer armouring is wound with an 
angle different from zero, relative to the axis of the pipe, the absorption of 

20 axial forces will give rise to a quasi-hydrostatic pressure on the liner, which 
must be absorbed by the inner armouring. Moreover, a part of or the whole 
of the outer armouring will be wound with an angle which ensures that the 
outer armouring can counteract deformation of the liner as a result of the 
pressure on the inside of the liner. 

25 

In that the outer pressure influences the outer armouring layers 
hydrostatically, and in that the outer pressure acts directly on the pipe's 
liner, it is not decisive for the function of the pipe that the outer armouring 
layer possesses compressive rigidity in directions parallel with the surface 
30 of the pipe. 
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Finally it should be noted that the outer armouring layer gives the liner 
resistance against increase of the volume surrounded by the liner. The liner 
will attempt to expand its volume, either as a result of the inner pressure in 
the pipe, or as a result of tensile forces in the longitudinal direction of the 
5 liner. 

On the outside of the liner, but under the outer armouring layer, one or 
more layers can be provided which are without structural significance but 
which give the liner additional thermal resistance, so that the exchange of 
10 thermal energy between the fluid transported in the liner and the liner's 
surroundings is reduced. 

With the object of protecting the outer armour against mechanical 
damages, a permeable sheath can lie on the outside of the outer armouring 
15 layer. 

It must be added that the different layers (liner and inner/outer armouring 
layers) are not chemically bound to one another, which ensures the 
flexibility of the pipe. Since the individual elements of the pipe are not 
20 chemically bound to one another, this type of pipe is referred to in the 
literature as "unbonded". 

Expedient embodiments of the inner armouring layer are disclosed in more 
detail in the claims 2-7, while expedient embodiments of the outer 
25 armouring layer are disclosed in more detail in the claims 8-12. 

The invention will now be explained in more detail with reference to the 
drawing, in which: 

30 Fig. 1 schematically shows the customary structure of a known 

pipe, while 
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Fig. 2 schematically shows an embodiment of the pipe according 
to the invention. 

The reference number 2 in fig. 1 indicates a liner, which is surrounded by 
5 two or more armouring layers 3,4, which in turn are surrounded by an 
impermeable outer sheath 5. A more detailed structure of such a pipe can 
be found, for example, in WO 00/36324, and therefore this will not be 
discussed in more detail here. 

10 It should be noted, however, that the impermeable outer sheath 5 ensures 
that the armouring layers 3,4 are able to relieve the hydrostatic pressure 
placed on the pipe, in that the armouring layers 3 and 4 have a very great 
rigidity. The liner 2 is hereby relieved. 

15 An additional advantage of placing the armouring layers between the liner 2 
and the outer sheath 5 is that by this construction there is achieved a 
complete or partial protection of the armouring layers 3,4, which can be 
produced as wire, against corrosion, which means that non-rustproof types 
of steel can be used as armouring material. 

20 

In fig. 2 it is shown how a pipe according to the invention can be built up. A 
liner 2a surrounds an inner armouring layer 1a, the object of which is to 
prevent the collapse of the liner 2a. In a preferred embodiment, the inner 
armouring layer 1a is wound from long profiles with a numerical winding 
25 angle of more than 55° relative to the axis of the pipe. In a particularly 
preferred embodiment, these profiles will be made of rolled stainless steel. 

On the outside of the liner 2a one or more armouring layers 3a are laid, 
where at least two of these are wound with a numerical angle greater than 
30 45° relative to the axis of the pipe. 
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In a particularly preferred embodiment, the outer armouring layer 3 is 
produced from aramide cord on which a layer of thermoplastic polymer is 
applied. 

In a second particularly preferred embodiment, the outer armouring layer 3a 
is completely or partly produced from a carbon-fibre-reinforced material. 

Numerous other armouring materials can, however, be envisaged in the 
outer armouring layer, merely providing that these meet the demands 
regarding strength and resistance to the surrounding environment. 

In some cases, consideration can be given to the application of a protection 
layer on the outside of the outer armouring layer 3a. This protection layer, 
which is permeable for fluids, has only a secondary function and will not be 
dealt with further. 

The invention will now explained more fully in connection with the following 
examples: 

Example 1 : Pipes for the transport of oil between an installation on the 
seabed and a floating installation. 

This example describes a "free hanging" configuration, where the depth of 
the pipe under the surface of the sea is a monotonic increasing function of 
the length. In this configuration, the hydrostatic pressure around the pipe 
therefore increases monotonically along the length of the pipe. 

The liner is made of a PVdF, the object of which is to form an effective 
diffusion barrier between the fluid, which is transported in the pipe, and the 
surrounding environment. In order to prevent an unintentional cooling of the 
transported fluid, a layer of polypropylene is extruded on the outside of the 
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liner, the purpose of which is to serve as a thermal barrier. Although 
polypropylene is given here as an example, other materials and material 
combinations can just as well be used. Especially material combinations 
that include syntactic foam as a component can be considered to be 
5 suitable in this application. 

In order to arm the liner against volume reduction, the inside of the liner is 
armed with a 12mm-thick armouring layer, which is wound up of K profiles 
produced from duplex steel. The advantage of making use of K profiles in 
10 particular is that these display an especially great resistance against 
crushing as a result of the influences of outer pressure. 

The outer armouring is built up of thin tapes of a carbon/epoxy composite, 
in between which a thermoplastic is melted. The outer armouring is wound 
15 on with an angle of approx. +/- 55° in relation to the longitudinal axis of the 
pipe. 

In order to protect the outer armouring during laying-out and operation, a 
sleeve of aramide is woven out over the outer armouring. This aramide 

20 sleeve gives the pipe a great abrasive strength. At the same time, this 
sleeve is so open to mass transport that a free or almost free transport of 
fluids can take place through the sleeve. Since said aramide sleeve is 
exposed to sunlight, a further covering layer will be applied in the zone 
close to the surface of the sea in order to prevent decomposition as a result 

25 of UV radiation. Said sleeve is woven in such a manner that it is resilient in 
the event of the pipe being compressed. In this way, in the event of the pipe 
being exposed to compression in the axial direction, it is ensured that the 
pipe's tensile armour can migrate radially and herewith reduce the 
compressive forces in this layer to an acceptable level. 



30 
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Example 2: Pipes for transport of oil between an installation on the seabed 
and a floating installation. 

This example describes a "steep S" configuration, where the depth of the 
5 pipe below the surface of the sea is not a monotonic increasing function of 
the length. In this configuration, the hydrostatic pressure around the pipe is 
therefore not monotonically increasing along the length of the pipe. The 
design presented here will be suitable for use in waters 2000 metres deep. 

10 The liner is made of a PVdF, the object of which is to form an effective 
diffusion barrier between the fluid transported in the pipe and the 
surrounding environment. In order to prevent an unintentional cooling of the 
transported fluid, a layer of polypropylene is extruded on the outside of the 
liner, the object of which is to serve as thermal barrier. 

15 

In order to arm the liner against volume reduction, the inside of the liner is 
armed with a 12mm-thick armouring layer wound up of K profiles produced 
from duplex steel. 

20 The advantage of making use of K profiles in particular is that these display 
especially great resistance against crushing as a result of the influences of 
outer pressure. 

The outer armouring is built up of two layers, the first of which consists of 
25 2N layer of aramide cord, around which a layer of polymer is extruded. This 
first layer is wound with an angle of about 55° in relation to the axis of the 
pipe, and is the primary, force-bearing layer. Here, N denotes a whole 
number. Around this first layer a thinner, second layer is wound with a 
winding angle, which is considerably greater than 55° in relation to the axis 
30 of the pipe. The object of this second layer is to secure the primary, force- 
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bearing layer in situations where this layer is non-supporting, since the net 
forces on the pipe result in a compressive clamping situation. 

In order to further secure the position of the armouring wires, the armouring 
5 wires are lashed every 5-10 metres, simply to secure their position relative 
to the pipe. 

To protect the armouring against damage during the laying-out and 
operation, a sheath of polyamide is extruded on the outside of the armour. 

10 In order to ensure that this sheath is permeable, holes with a diameter of 
approx. 1 centimetre are cut out at intervals of one metre, so that a free 
exchange of fluids between the inside of the pipe and the annulus of the 
pipe is ensured. The cutting-out of the holes will also ensure that the pipe's 
annulus is filled with seawater, which will ensure sufficient cooling of the 

15 aramide cords. 

It is obvious that the present invention can be exercised in far more ways 
than disclosed above, in that within the scope of the patent claims there is 
great freedom for application of the principle of the invention, without this 
20 changing the invention's mode of operation. 
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CLAIMS 

1. Flexible armoured pipe comprising at least an impermeable liner, an 
outer armouring layer and an inner armouring layer consisting of one or 

5 more wound armouring elements, characterised in that the outer 

armouring layer is placed on the outside of the liner, and consists of at 
least two layers of wound armouring elements which are completely or 
partly permeable for fluids, while the inner armouring layer is placed on 
the inside of the liner. 

10 

2. Pipe according to claim ^characterised in that the inner 
armouring is built up of wound profiles. 

3. Pipe according to claim ^characterised in that the inner 
1 5 armouring is built up of K profiles. 

4. Pipe according to claim 1, characterised in that the inner 
armouring is built up of profiles, which consist of rolled strip. 

20 5. Pipe according to the claims 1-4, characterised in that the 
inner armouring consists of a plastic deformable material. 

6. Pipe according to the claims 1-4, characterised in that the 
inner armouring consists of a type of alloyed steel. 

25 

7. Pipe according to the claims 1-4, characterised in that the 
inner armouring consists of titanium or an alloy hereof. 

8. Pipe according to the claims 1-7, characterised in that the 
30 outer armouring is wound with long elements. 
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9. Pipe according to claim 8, c h 
armouring is wholly or partly 
containing carbon fibre. 

5 10. Pipe according to claim 8, c h 
armouring is wholly or partly 
aramide fibre. 

11. Pipe according to claim 9, c h 
10 armouring is wholly or partly 

titanium. 



11 

aracterised in that the outer 
reinforced with a composite material 

aracterised in that the outer 
reinforced with a material containing 

aracterised in that the outer 
reinforced with a material containing 



12. Pipe according to claim 9, characterised in that the outer 
armouring is wound in such a manner that it does not absorb substantial 
15 axial stresses applied to the pipe, but instead relaxes by a mechanical 

displacement of the armouring elements. 
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